Adsorption state of fibronectin on poly(dimethylsiloxane) surfaces with varied stiffness can dominate adhesion density of fibroblasts.
The state of adsorbed fibronectin and the subsequent cell adhesion behavior on polydimethylsiloxane (PDMS) substrates with varied stiffness were investigated. The bulk elastic modulus as well as the macroscale and nanoscale surface repulsion forces on PDMS substrates with five different cross-linker concentrations (2.5, 5, 10, 20 and 40wt.%) were evaluated by using tensile and compression tests as well as atomic force microscopy (AFM) indentation. The PDMS substrate with 10wt.% cross-linker showed the maximum stiffness in the bulk elastic modulus and macroscale compression test. In contrast, PDMS substrates with 2.5 and 5wt.% cross-linker concentration showed the maximum stiffness in the nanoscale compression test, which indicates that the physical properties of the nanoscale outermost surface are different from the bulk and macroscale surface properties. The fibronectin-treated PDMS substrates showed almost the same amount of fibronectin adsorption. However, the outermost surface density of fibronectin was related to the macroscale surface stiffness, and the exposure of the cell-binding motif was related to the nanoscale surface stiffness. Moreover, the different adsorption state of fibronectin was further confirmed by quartz crystal microbalance-dissipation (QCM-D) monitoring. The adhesion behavior of NIH3T3 mouse fibroblasts was in turn related to the exposure of the cell-binding motif. These results suggest that the well-known differences in cell adhesion behavior on PDMS substrates with varied stiffness are primarily induced by different responses of fibronectin to the PDMS substrates.